Although the level of plasminogen activator (PA) 
Extracts of carotid media were analyzed by zymography at various times before and after injury ( Figure  2 ). In untraumatized carotids, two bands were evident (at molecular weight ratio [Mr 48,000 and 72,000). At 24 hours after balloon injury, the higher molecular weight band was no longer apparent, and the activity of the lower molecular weight band was increased. At 5 days, the higher molecular weight band reappeared and was present at higher levels than in the untraumatized vessel.
We then determined which of these two PAs corresponded to uPA and tPA. To identify rat uPA in carotid extract, we used the observation that amiloride competitively inhibits the catalytic activity of uPA from several species without inhibiting the activity of tPA. 43 As shown in Figure 3 , the activity of the M, 48 ,000 PA was selectively inhib- ited by amiloride. To demonstrate whether the higher molecular weight corresponded to tPA, we took advantage of the cross-reactivity of anti-human tPA antibodies for tPA of other species. The activity of the Mr 72,000 PA was completely blocked with the antibody to human tPA ( Figure 3 ).
To determine whether the uPA in the wall was in the single-chain zymogen form or active two-chain form,6 we treated extracts of injured vessel with diisopropyl fluorophosphate (DFP) and analyzed the products by zymography. As can be seen in Figure 4 , the uPA activity was not blocked significantly by DFP36 days, we stripped away the intima after irrigating the vessel clear of blood and determined the activity of PAs in the residual media ( Figure 7) . The stripping removed all cells on the luminal side of the internal elastic lamina. In this experiment, tPA was present in the carotid at 3 days but not at 1 day after injury. tPA was also present at 5 and 7 days whether or not the intima had been removed. These results support the conclusion that medial SMCs express tPA before they migrate into the intima.
Evidence That Plasminogen Activators Are Synthesized by Vascular Wall Cells
The zymography experiments suggested that there might be an association between the functional state of the medial SMCs and expression of tPA or uPA activity. Because most of the uPA associated with carotids at different times was in the DFP-resistant, single-chain pro-uPA form, the increased uPA content of injured carotids cannot be accounted for by pro-uPA activation.36 To determine whether PA accumulation reflects changes in the PA synthetic potential of SMCs, we measured the levels of uPA and tPA mRNA in preparations of total RNA from injured carotids. uPA message was barely detectable in normal and acutely denuded vessels and increased steadily beginning at 6 hours, reached a maximum at 7 days, and remained at that level up to 14 days. tPA mRNA was detectable in normal vessels and was increased at 5 days after injury (Figure 8 ).
Discussion
Our in vivo studies demonstrate that both types of PA accumulate in injured arterial media and do so depending on the functional state of SMC. uPA accumulates during the period of proliferation, whereas tPA accumulates only when medial SMCs begin to move into the intima. The increases in uPA and tPA mRNA in the medial SMCs support the possibility that the SMCs are the source of the PA activity although a contribution of blood-borne PA enzyme cannot be excluded. There is not a strict correlation between mRNA levels and PA activity. The differences might be on account of PA inactivation or loss of activity from the wall into the blood. In the case of tPA, tPA mRNA is present at all times although the enzyme becomes detectable only at 3 days. It is possible that small amounts of tPA are synthesized but rapidly secreted into the blood or are inactivated by PA inhibitors from the circulation or from SMCs. Saturation of this clearance mechanism would then lead to PA accumulation in the tissue at later times. In the case of uPA, the substantial increase in uPA mRNA is not matched by a comparable increase in uPA activity. This result could be accounted for by saturation of uPA receptors and release of uPA activity into the blood.4445 On the other hand, during the first 24 hours after injury, uPA activity increases without a great change in uPA mRNA. It is possible that some of the uPA in the wall is derived from the blood because rat plasma, as well as human plasma, contains small amounts of uPA646 (AW Clowes and MM Clowes, unpublished results, 1989 [-] ). Note that smooth muscle cells do not appear in the intima until 5 days (see Figure 1) . Numbers across top are the days (d) after injury; standards (std) are the same as in Figure 3 . C, control carotid artery; uPA, urokinase-type PA. Taken together, these results suggest that uPA expression is part of the program associated with onset of proliferation and migration and may at times be absolutely necessary for migration between tissue compartments. Our own data demonstrate that in response to a stimulus, SMCs are capable of increased expression of uPA, and they confirm in general the relation between proliferation, migration, and uPA expression. Our data do not provide absolute proof that SMCs are synthesizing uPA; however, increased uPA activity is associated with an increase in uPA mRNA. This observation strongly supports our conclusion that SMCs are a major contributor to the increased uPA activity in the wall.
A much more surprising result is that SMCs express tPA at a time when they are migrating between the media and the intima. In the past, tPA expression in the vessel wall was thought to be a property of the endothelial layer.6 Our studies on vessels recently stripped of endothelium support this conclusion. Why, then, should SMCs start to synthesize tPA at some later time? One possibility is that migration between tissue compartments requires a different type of PA. For example, during angiogen-esis, capillary endothelial cells require tPA activity for movement. 49 The expression of tPA by rat oocytes is also necessary at the time of follicular rupture in the ovary.62 This differential expression of tPA and uPA implies different types of stimuli for these two molecules as well as different functions. Based on a series of studies in thrombocytopenic rats, we have suggested recently that platelets do not play a role in SMC mitogenesis but may regulate SMC migration into the intima.63 If this is correct, it will be of interest to determine whether platelet products also control the expression of tPA but not of uPA. Although both molecules have specific cell receptors44456465 that allow for localization to specific cell-matrix contact sites,66,67 it is not clear how they differ in their capacity as regulators of pericellular degradative activity. Another explanation for tPA expression by migrating SMCs is that intimal SMCs at times form a luminal surface that possesses some of the functions of normal endothelium. In this regard, it is of interest that platelets do not adhere to luminal SMCs, nor is fibrin apparent. 2 These experiments demonstrate that arterial SMCs contain increased levels of uPA early after injury (pre-S phase) and increased levels of tPA later at a time when the cells are beginning to migrate from the media to the intima. Whether the expression of uPA and tPA is required for the initiation of SMC proliferation and migration remains to be determined. 
